Background: Although most of the literature about health-related quality of life (HRQoL) focuses on breast cancer patients, few studies compared the HRQoL in disease-free breast cancer survivors with that of the general population. Results: The scores for some HRQoL scales were comparable for both disease-free breast cancer survivors and the general female population; however, there was clinically significant difference in cognitive and social functioning, fatigue, insomnia, and financial difficulties between the two groups. Radiotherapy and systemic adjuvant therapy variables did not limit the HRQoL. Demographic characteristics such as age, time since surgery, and comorbidity were associated with some HRQoL scales and fatigue and depression were associated with almost all HRQoL scales.
introduction
Breast cancer patients are the largest group of female cancer survivors worldwide [1] . As their number has grown, concern has increasingly been directed to treatment-related sequelae and their effects on health-related quality of life (HRQoL) [2] . If we could identify factors that increase cancer survivors' risk for diminished HRQoL, we could develop strategies to overcome those factors and design appropriate intervention programs [3] . Although most of the literature about HRQoL focuses on breast cancer patients [3] [4] [5] , few studies have concentrated specifically on comparison of the long-term HRQoL in disease-free breast cancer survivors with that of the general population.
The Korean National Cancer Center initiated the Breast Cancer Quality Care Study, which focused on treatment experiences and health outcomes for women diagnosed and treated for cancer in Korea. As part of that study, we compared the HRQoL of disease-free breast cancer survivors with that of the general population and sought to evaluate the impact of demographic and treatment-related characteristics and of health status on survivors' HRQoL.
materials and methods study design and subject recruitment
We identified women who had undergone primary curative surgery for breast cancer between 1993 and 2002 in five hospital-based breast cancer registries in Korea. The registries contained information about stage, type of surgery, history of cancer therapy, and other clinical characteristics, such as recurrence and date of last follow-up. Women were eligible to participate if they (i) had a past diagnosis of breast cancer (stage 0, I, II, or III), (ii) were on no current cancer therapy other than tamoxifen, (iii) were currently free of the disease, and (iv) had no other history of cancer. Eligible patients were contacted by telephone, and those who agreed to participate were sent the questionnaire with consent forms and a postagepaid return envelope. Subjects who did not return a questionnaire within 1 month received a reminder card and a telephone call. After reviewing the medical information from the registry, we excluded subjects who had recurrent cancer and were receiving cancer therapy. Then, reviewing the patient-reported questionnaire, we excluded subjects who had recurrent cancer and were receiving cancer therapy other than hormonal therapy at the time of the survey. If clinical and self-reported data were not consistent, we gave precedence to the clinical data.
We compared the HRQoL of breast cancer survivors-obtained with the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30), Quality of Life Questionnaire Breast Cancer Module (QLQ-BR23), and the McGill Quality of Life Questionnaire (MQoL) existential and support scales-with that of the general female population. The reference data were derived from a representative sample of the Korean adult population, comprising 500 men and 500 women selected by a nationwide random route technique. A trained interviewer visited each patient's home and explained the purpose of study. As breast cancer affects mainly women, we used only data for women in the general population sample for all comparisons in this study. This group completed the self-reported questionnaire in the presence of an interviewer who was there to explain the purpose of study, but like the survivors, they completed the questionnaire for themselves without the interviewer's assist. The institutional review board of the National Cancer Center reviewed and approved the protocol of our study.
instruments
Patients completed a questionnaire that covered demographic and clinical characteristics and a number of standardized instruments designed to assess HRQoL, existential QoL, fatigue, and depression. The EORTC QLQ-C30 is a 30-item cancer-specific questionnaire for assessing the general HRQoL of cancer patients [6] . The questionnaire incorporates five functioning domains (physical, role, cognitive, emotional, and social), three symptom scales (fatigue, pain, and nausea and vomiting), global health and overall HRQoL scales, and several single items that assess additional symptoms commonly reported by cancer patients (e.g., dyspnea, appetite loss, sleep disturbance, constipation, and diarrhea) and the perceived financial impact of disease and treatment.
The EORTC QLQ-BR23 was designed to assess the impact of common breast cancer treatment modalities (surgery, chemotherapy, radiotherapy, or hormonal treatment) upon women's well-being [7] . The module incorporates 23 questions grouped into the functioning scale (i.e., body image, sexuality, and future perspective) and the symptom scales and single item to assess systemic side-effects, arm symptoms, breast symptoms, and hair loss. For this study we used a combined form of the QLQ-C30 and QLQ-BR23, the Korean version of which has been validated [8] . The existential and support subscales of the MQoL were also administered. The MQoL is a multidimensional HRQoL questionnaire whose validity and reliability have been established in patients with chronic illness [9] . The existential and support subscales focus on the individual's ability to find meaning in existence and achieve goals, and they also cover issues of support. Each of these multiple-item scales was scored from 0 to 10, with a higher score representing better HRQoL. The MQoL was translated into Korean by the forward-backward translation process and was pilot tested with the original author's approval.
The Brief Fatigue Inventory (BFI) was used to evaluate the survivors' experience of fatigue, one of the most common long-term effects of treatment [10, 11] . The Korean version of the BFI consists of a one-page fatigue assessment tool that contains nine items, each measuring the severity of fatigue on a 0 to 10 scale. The first three items assess current level of fatigue and the worst and usual fatigue in the preceding 24 hours. Six items assess the extent to which fatigue has interfered with different aspects of life, such as work or social relations, during the preceding 24 hours. The global score for the BFI is calculated as the mean value of those nine items; a higher score represents more severe fatigue.
Depression was assessed using the Beck Depression Inventory (BDI). The BDI, which was originally designed to measure the depth or intensity of depression in psychiatric patients, evaluates 21 symptoms of depression. Each symptom is rated on a four-point intensity scale. The scores are added, yielding a total ranging from 0 to 63; a higher score represents more severe depression [12] . The Korean version of the BDI has been validated.
In addition to the above measures, the full survey instrument also included items concerning treatment experience, work problems, and regret and satisfaction about treatment decisions. We will publish the results of those aspects of the study in the future. Feasibility and comprehensibility of the survey instrument were pretested with 15 breast cancer survivors. original article
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statistical methods
We scored the QLQ-C30 and QLQ-BR23 items according to the EORTC scoring manual [13] . We linearly transformed the QLQ-C30 and QLQ-BR23 data to yield scores from 0 to 100; a higher score represented a better level of functioning or a higher level of symptoms. We handled incomplete questionnaires according to the developers' recommendations. We did not use BFI, BDI, or MQoL scales with missing values. We used descriptive statistics for clinical, socioeconomic, and therapeutic variables and t-and chi-square tests. We compared breast cancer survivors with the general population controls on the basis of multivariate (age, marital status, education, religion, and employment status)-adjusted HRQoL means and the proportion of 'problematic groups' in each HRQoL scale. We defined a problematic group as one with a global HRQoL or functioning scale score of 33 or less and a symptom scale score of 66 or more on the QLQ-C30 or QLQ-BR23 [14] . Since these groups differed by demographic characteristics (age, marital status, education, religion, employment status, menopause, time since surgery, and comorbidity), we also compared multivariate-adjusted means of HRQoL between treatment subgroups. We used analysis of covariance with a generalized linear model to determine significant differences between groups. We used multiple regression analysis to examine the impact of demographic and clinical characteristics on HRQoL. Because of multiple comparisons, we considered a P value less than 0.01 to be statistically significant in univariate and multivariate analysis, and we defined a 'clinically significant' difference in HRQoL as a 10-point difference in mean score [13, 14] . We used the multiple R 2 coefficients to estimate the percentage of variability of the dependent variable accounted for by all covariates in the regression model. All statistical tests were two sided.
results
subjects and recruitment results
We identified 10 796 potentially eligible breast cancer survivors from the participating registries. Of them, 971 (9.0%) died. We made multiple attempts to contact the others by postcard or telephone but were not able to reach 5386 (49.9%) of them; the most frequent reason for contact failure was a change of address or telephone number. Of the 4439 women who were contacted, 32.6% refused to participate. The reasons given most frequently were that the survey was inconvenient, that it took too long to complete, or that the patient felt too ill. Of the 2992 women who consented to participate, 2403 (80.3%) returned the questionnaire. Of them, we excluded 152 women who had recurrent cancer or were receiving cancer therapy at the time. After we reviewed the questionnaires for completeness, 1933 women remained in the study ( Figure 1 ). Whereas participants were more likely than nonparticipants to have received breast-conserving surgery (BCS) (P < 0.001), there were no other major differences between the groups with respect to age or type of treatment received (chemotherapy, radiation therapy, or hormone therapy). The median follow-up was 50 months from the time of the surgery (range, 16-143 months). Table 1 presents the baseline sociodemographic characteristics of the participants in the mastectomy group and the BCS group at the time of the survey. 
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The proportion of missing data for each of the instruments was as follows: QLQ-C30, 2.3%; QLQ-BR23, 5.1%; MQoL, 4.0%; BFI, 2.3%; and BDI, 2.9%.
HRQoL according to types of treatment
Although women who received no systemic chemotherapy had statistically significantly better social functioning, less insomnia, and fewer financial difficulties, measured by the QLQ-C30, they did not show clinically significant difference ( Table 2 ). The QLQ-BR23, MQoL, BFI, and BDI showed no differences among groups by adjuvant treatment. We also compared survivors with or without radiotherapy by type of surgery (Table 3) . Among the BCS group, the QLQ-C30, QLQ-BR23, MQoL, BFI, and BDI did not show any difference between patients who underwent radiotherapy and those who did not. Among mastectomy patients, only social functioning and financial difficulties, measured by the QLQ-C30, were significantly better in women who received no radiotherapy, but these also did not show clinically significant difference.
predictors of HRQoL in multivariate analysis
In multivariate analysis, chemotherapy, radiotherapy, and hormone therapy had little impact on HRQoL, but mastectomy compared with BCS was associated with lower social functioning and poorer body image (Table 4 ). The type of surgery had an impact on body image. Women who had undergone mastectomy reported a clinically significant poorer body image than women who had BCS (least-squares mean, 43.9 versus 63.2). It had no clinically significant impact, however, on social functioning (least-squares mean Breast cancer survivors had a higher proportion of problematic groups than the general population in the physical, role, emotional, social, and cognitive functioning scales of QLQ-C30. Of the symptom scales, breast cancer survivors had a higher proportion of problematic groups with respect to fatigue, insomnia, constipation, and financial problems. The two groups did not differ significantly in their proportion of problematic groups according to the QLQ-BR23.
discussion This large population-based study of Korean women suggests that almost all HRQoL scale scores-including overall QoL and some functioning and existential well-being scales-and those of many symptoms are comparable for disease-free breast cancer survivors and women in the general population who have never confronted cancer. There were clinically significant differences, however, in cognitive and social functioning, fatigue, insomnia, and financial difficulties. Thus, to improve the HRQoL of cancer survivors, healthcare providers should focus more on these effects in follow-up services.
Our multiple regression analysis of the data obtained from the QLQ-C30, its breast cancer-specific module (QLQ-BR23), MQoL, BDI, and BFI confirmed previous observations that beyond the first year after a diagnosis of breast cancer, the survivor's long-term HRQoL, except for body image, is more likely influenced by demographic characteristics than by the type of surgery [3, [15] [16] [17] [18] . These findings lend further weight to the argument that BCS is a better treatment choice than mastectomy because treatment-related mortality and long-term survival are similar for both procedures but a better body image is a significant predictor of a woman being sexually active and is also associated with sexual satisfaction [17] .
The goal of postoperative therapy is to reduce the rate of relapse and improve survival rates [18, 19] . In this study, systemic adjuvant treatment caused no clinically significant limitations in global HRQoL, functioning, existential wellbeing, or symptoms, nor did radiotherapy cause clinically significant HRQoL limitations. These findings agree with those of a recent Chinese study [3] but differ with findings from other studies suggesting that survivors who do not receive adjuvant therapy have a better HRQoL than those who do [19, 20] . More advanced postoperative treatments are now available [20] , and recently treated patients may report fewer complications and a better HRQoL [21] .
Demographic characteristics such as age, time since surgery, comorbidity, and health status were associated with HRQoL. Our finding that younger age was associated with worse emotional functioning, social functioning, and future perspectives confirms the findings of Western studies [22, 23] . original article
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Such age-related differences in HRQoL may result from younger patients receiving more aggressive treatment, experiencing greater psychological shock, possessing fewer coping strategies, or lacking the resources necessary to manage a life-threatening illness [22, 24] .
We also observed that comorbid conditions were associated with a significant deterioration in self-reported global HRQoL; in physical, role, and cognitive functioning; and in future perspectives. Our finding that physical, role, emotional, and social functioning and future perspectives were associated with time since surgery can be explained by the fact that most of the limitations imposed by therapy and poor general health resolve with time [3, 20] . In multivariate analysis, depression and fatigue emerged as the strongest predictors of reduced HRQoL. These findings have been reported elsewhere [24, 25] and suggest potential intervention targets [26] . These results could also be interpreted as suggesting that fatigue and depression are associated with a more general tendency to complain (i.e. they represent a trait rather than a state).
Scores for patients and the general population can be compared in terms of either absolute or relative (percentage) differences [14] . In the current study, both comparisons yielded similar results, except for global HRQoL scores. It would be important to identify target populations who have moderate to severe limitations in functioning and symptoms and for whom interventions would improve HRQoL [14, 27] .
In this study, multivariate-adjusted analyses showed that their sexual functioning was similar to that of women in the general population. These findings were consistent with those of a recent large cross-sectional study of breast cancer survivors for whom 3 years on average had passed since diagnosis [28] . Nevertheless, younger age, menopause, and depression may be more important risk factors for sexual dysfunction than the type of surgery received [22, 23] . To our knowledge, no other study has compared the body images of breast cancer survivors with those of the general population, and we were surprised to find that they did not differ significantly in the present study. Although the mastectomy group had a worse body image than general population, the BCS group reported a clinically significant better body image than the general population, which we did not expect. This might be understood from cancer survivors' developing positive attitudes from the cancer experience [29] , but more study is required to clarify this. This study was limited by its cross-sectional design, which restricted the generalizability of our findings to similar groups of breast cancer survivors. Another limitation was selection bias; our study sample may not have been representative of the general population of women with breast cancer because it was accrued from selected academic centers. Although there were no major differences in sociodemographic or treatment-related variables between the groups, the response rate was low. We may have underestimated HRQoL problems because nonresponders may have had a lower HRQoL. Additionally, the MQoL is questionable as a tool for evaluating breast cancer survivors and the general population. However, combining it with a cancer-specific questionnaire and its breast module provided valuable information.
In spite of its limitations, our study showed that disease-free survivors of breast cancer had good HRQoL, which was less affected by the type of treatment than it was by demographic characteristics, time since surgery, comorbidity, fatigue, and depression. This study suggests that potential intervention targets among breast cancer survivors would include younger survivors and those with comorbid conditions, fatigue, or depression. Along with earlier findings from Western samples, these results provide comprehensive information about the long-term HRQoL effects of standard breast cancer treatments. This information will be useful in guiding and informing the physicians charged with making cancer-treatment decisions for their patients because breast cancer will remain a major cause of morbidity and mortality in Western and Asian countries into the foreseeable future.
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